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Mouse  acggcacgcggcgtgctcggctttgaccttcagcgagccggagcccccgcgcacggagtc
Rat  acggcacgcggcgtgctcggctttgaccttcagcgagccggagcccccgcgcacggagtc
Human  acggcgcgcctcg-cctcggctgtgaccttcagcgagccggagcccccgcgcagagcagg
Opossum acaacacctc-----ttcggctttgaccttcagcaaaccggatcccccctacgttccgga

-85

Insulin-like growth factor I receptor (Igf1r) promoter

Mouse  ggacgtcacgtgag-----caggaggcggggcgggggcgggccgactcaggtcacgtgacgctccggggacgg
Rat  gaacgtcacgtgac------aggaggcggggcaggggcgggccgactccggtcacgtgacgctttggggacgg
Human  gggagtcacgtgagcggggggcgggggtgggggggcggtgccgggcggctgtcacgtgacgcggttccggggg
Orangutan gggagtcacgtgagcggggggcgggggtggggggc-ggtgccgggcggctgtcacgtgacgcggttccggggg
Opossum  tgcgctcacgtgacgcggaggagggtgaaggccaagcaggcgacagtagagccggaccagcggggccagagca

-49 -8

Insulin-like growth factor II receptor (Igf2r) promoter

Mouse  gcctccagggcgctaagtcagaggctcagcag//taag-gactccccaggtgacagggaggacgggagca
Rat  gcctccagggcgctaagtcagagacccagtag//taag-gactctccgggtgacagggaggaggggggca
Chimp  acctccagggggccaagtcagaggcccagtgg//agggggactttgctggggagtgggagaagaggggca
Human  acctccagggggccaagtcagaggcccagtgg//agggggactttgctggggagtgggagaagaggggca
Orangutan  acctccagggggccaagtcagaggcccagcgg//agggggactttgctggggagtgggagaggaggggca
Rhesus  acctccagggggccaagtcagaggcccagtgg//agggagactttgctggggagtgggagaagaggggca

-1000 -431

Thymoma viral proto-oncogene 1 (Akt1) promoter

Mouse  ctttcttcaatacttccttccaggctgagtcatcactagagagtgggaagggcggcagcagcagcagca
Rat  ttttcttcaatacttccttccaggctgagtcatcactagagagtgggaagggcagccgcagcaacaaca
Human  ctttcttcaatacttccttccaggctgagtcatcactagagagtgggaagggcagcagcagcagagaat
Orangutan ctttcttcaatacttccttccaggctgagtcatcactagagagagggaagggcagcagcagcagagaat
Dog  ctttcttcaatacttccttccaggctgagtcatcactagagagtgggaagggcagcagcagcagagaat
Horse  ctttcttcaatacttccttccaggctgagtcatcactagagagtgggaagggcagcagcagcagagaat
Opossum  ctttcttcaatacttccttccaggctgagtcatcactagagagtgggaagggcagcagcagcaaaagag

-115

Thymoma viral proto-oncogene 3 (Akt3) promoter

Mouse  cgtaacgcagagtcacgtgttgttttgct---cttagttcagtcactcggtgcgcgatgtgttactcactgt
Rat  cgtaacgcagagtcacgtgttgttttgct---cttagttcagtcactcggtgcgcgatgtgttactcactgt
Human  cgtaacgccgagtcacatgttgttttgctcttcttagttcagtcactcggtgcgcgatgtgttactcactgt
Opossum  cgtaacgcagagtcacatgttgttttgctct--ttagttcagtcactcagtgcgcgatgtgttactcactgt

-524-553 -499

Insulin receptor substrate 2 (Irs2) promoter

Mouse  caagaggcggggcagggaaccggagcccgatgaggtgacccacgcgggagacacaatagggg
Rat  caagaggcggggcagggaaccggagcccgatgaggtgacccacgcgggagacacaatagggg
Human  cgagaggtggggcgctgcaagggagccggatgaggtgatacacgctggcgacacaatagcag
Orangutan cgaaaggtggggcgctgcaagggagccggatgaggtgatacacgctggcgacacaatagcag
Horse  caggaggtggggcggtgaaagggagccggatgaggtgatacacactggagacacaatagggg

-585

Phosphatase and tensin homolog (Pten) promoter

Mouse  ggcgggaaagccgggtgcgcgcccaggagaccatgtgacgtctcgggccc
Rat  ggcgggaaagccgggcgcgctctcagtagaccacgtgacatcgcgggccc
Human  ggcaagaagggcgggcgcgcgcggggcgggtcacgtgacagctccaggcc
Chimp  ggcaagaagggcgggcgcgcgcggggcgggtcacgtgacagctccaggcc
Orangutan  ggcgagacgggcgggcgcgcgcgcggcgggtcatgtgacggctccaggcc

-135

Mitogen-activated protein kinase 3 (Mapk3) promoter

Supplementary Figure 8

Mouse  ttcctcctaggattcgaggtac-tgtcctgaccacatttcccctcacctgttttcggggctgct
Rat  ttccttgtaggcttcagggtat-cggcctgaccacatttcccctcacctgttttcggggttgct
Human  ttcctcggaggcttcaggatatccggcctgacggcatttcccctcacctgctttcggggcccgt
Orangutan ttcctcggaggcttcaggatatccggcctgacggcatttcccctcacctgctttcggggcccgt
Dog  ttcctcggaggcttcaggatatccggcccgacggcgtctccccatacctgttctcggggctcgc
Horse  ttcctcggaggtttcaggatatccggcctgacggcatttcccctcacctgctttcggg-cccgt
Opossum  tttcaccagggcctaaggatatccggtatgactccgttccccttcacgtgtttttggagccact

-792

Glycogen synthase kinase 3 beta (Gsk3b) promoter
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Supplementary figure 8: In-silico analysis of evolutionarily conserved c-Jun binding sites in 
the promoters of different genes. The transcription factor binding site analysis was done using 
TRANSFAC software (Biobase GmbH); evolutionary conservation analysis was carried out using 
UCSC Genome Browser. Nucleotide sequences in bold denote AP-1/c-Jun consensus binding 
sites, and number below denotes distance (bp) from the transcription start site of the respective 
mouse gene. Upon extensive analysis, we confirmed that InsR does not have any conserved 
binding site for AP1/c-Jun, though it showed increased expression in SIRT6KO hearts.  
Interestingly, our in silico analysis does not find any c-Jun binding sites in HIF-1α target glycolytic 
genes, PFK1, TPI1, PDK1 and GAPDH. However, few glycolytic genes especially ALDOC, LDHA, 
and LDHB have both c-Jun and HIF-1α binding sites very close to their proximal promoter regions.  

 

Mouse  acttgtagtagcgacg----taccggaagtgttcgtg----gaagtgaccga-agtcaactcac
Rat  actagtagtagcgacg----taccggatgtgtgtgtgtggggaagtgaccga-agtcaactcac
Human  aatcctagcagcgccg----taccggatgtgtgagtg----gaagtgactga-ggtgaactcac
Chimp  aatcctagcagcgccg----taccggatgtgtgagtg----gaagtgactga-ggtgaactcac
Orangutan  aatcctagcagcgccg----caccggatgtatgagtg----gaagtgactga-ggtcaactgac
Rhesus  aatcctagcagcgccg----caccggatgtatgagtg----gaagtgactga-ggtcaactcac
Opossum  gctcatttcaacgcagcactcactggaagccgggtcg----gaagtggctgacagtcaactcgc

-221

Mechanistic target of rapamycin (serine/threonine kinase) (Mtor) promoter

Mouse  cccc---agggagtcacgtagctctgcggcaagtgctgccaccttatttactccagcttggaccgagcta
Rat  cccc---agggagtcacgtagctctgcggcatctgctgctgccttatttactccagcttggactgagcta
Human  ccc--cggaggagtcacgtagctctgcgacatccgcagcctcatttaccagagggagccagggctgcagc
Orangutan ccct-cggaggagtcacgtagctctgcgacatccgcagcctcatttaccagagggagccagggctgcagc
Dog  ccct-cgggggagtcacgtagctctgcggcatccgcagcctcatttaca----ggaggctgagctagagc
Horse  cccccggggggagtcacgtagctctgcggcatccgcagcctcatttaca----ggagccgtggctggagc
Opossum  ctcc--gctggagtcacgtagcgctgcggcatccgcagcctcttttaccc---ggagtcccagcccgatc

-1098 HIF-1α-1102 AP-1

Aldolase C, fructose-bisphosphate (ALDOC) promoter

Mouse agcctacacgtgggttcccgcacgtccgct-gggct--cc-cactctgacgtcagc-gcggagcttcc
Rat agcctacacgtgggttcccgcacgtccgct-gggct--tc-cactctgacgtcagc-acggagcttcc
Human gactcacacgtgggttcccgcacgtccgcc-ggccc--cc-cccgctgacgtcagc-atagctgttcc
Orangutan gactcacacgtgggttcccgcacgtccgcc-ggccccccc-cccgctgacgtcagc-atagctgttcc
Rhesus gacccacacgtgggttcccgcacgtccgcc-ggccc--cc-cccgctgacgtcagc-atagctgttcc
Dog gacccacacgtgggttcccgcacgtccgcc-cggct--gc-ccccgtgacgtcagc-ctcgcgcttcc
Horse gacccatacgtgggttcccgcacgtcctcc-cagtt---c-ccccctgacgtcagc-cgcgcggttcc
Opossum atcccacacgtgggttccagcacgtccgct-cccag--cc-cccttgaacgtcagcttttttggtggt

-11 c-Jun-34 HIF-1α

Lactate dehydrogenase A (LDHA) promoter

Mouse  ggaaggtgacctctaactttagagagcgggggagag---cgcgtgcacactccagc-cttgtccttgaagg
Rat  agaaggtgacctccaactttagagagcgggggagagcagcgcgtgcacactccagc-cttgtccttgaagg
Human  ggaaggagacctcctcatctggagggtgggggaggg---agtgtgcatacttgagcccttgtccttgaagg
Orangutan  ggaaggggacctcctctttgggaggatgggggaggg---ggtgtgcacacttgagcccttgtccttgaagg
Rhesus  ggaaggtgacccccttatctggagggtgggggaggg---agtgtgcacacttgagcccttgtccttgaagg
Dog  ggaaggtgacctcctc-----cagggggagggagag---cgcgtgtgcactcgagcccttgtccttgaagg
Horse  agaaggtgacctcctcatt--tggggagggcgcggg---cgtgcgcacgcttgagcccttgtccttgaagg
Opossum  ----------ctctctccccagcatagggggaagga---cgactgcatacttgagcccttgtccttgaagg

-173 AP-1 -141 HIF-1

Lactate dehydrogenase B (LDHB) promoter
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Supplementary table 1: Clinical characteristics of patients and their corresponding cardiac SIRT6 levels. 

MVD, mitral  valve  defect;  VSD,  ventricular  septal  defect;  IsCMP,  ischemic  cardiomyopathy;  DCM,  dilated  cardiomyopathy, 
IdCMP,  idiopathic  dilated  cardiomyopathy;  Dgn,  digoxin,  Dbt,  dobutamine;  β‐Blk,  β‐adrenergic  blocker,  ACEI,  angiotensin 
converting enzyme  inhibitor, Ca‐Blx, calcium channel blocker, NA, not available. SIRT6  levels determined by western blotting 
were normalized against expression of loading control (actin or tubulin) and presented as fold change over NF1.  

            Medical Treatments 

Patients  Age    Gender  Diagnosis Dgn Dbt β‐Blk  ACEI   Diuretics  Ca‐Blx SIRT6 

Non‐failing hearts          

NF1  48  M  MVD  ‐‐ ‐‐ + ‐‐  +  ‐‐ 1

NF2  39  F  MVD  ‐‐ ‐‐ + ‐‐  +  ‐‐ 1.85

NF3  65  M  MVD  ‐‐ ‐‐ ‐‐ ‐‐  +  ‐‐ 1.5

NF4  50  M  Donor dysfunction ‐‐ ‐‐ ‐‐ ‐‐  ‐‐  ‐‐ 2.4

NF5  76  M   MVD  ‐‐ ‐‐ ‐‐ +  +  ‐‐ 1.6

NF6  7  F   VSD  ‐‐ ‐‐ ‐‐ ‐‐  ‐‐  ‐‐ 0.7

NF7  45  M  Donor dysfunction ‐‐ ‐‐ ‐‐ ‐‐  ‐‐  ‐‐ 0.7

NF8  38  M  Donor dysfunction ‐‐ ‐‐ ‐‐ ‐‐  ‐‐  ‐‐ 0.8

Failing hearts          

F‐1  57  M  IsCMP  NA NA NA NA  NA  NA 0.1

F‐2  56  M  IdCMP  ‐‐ + + ‐‐  +  ‐‐ 0.15

F‐3  65  F  DCM  ‐‐ ‐‐ + +  ‐‐  ‐‐ 0.25

F‐4  55  M  IsCMP  ‐‐ ‐‐ + ‐‐  +  ‐‐ 0.1

F‐5  59  M  IsCMP  ‐‐ ‐‐ + ‐‐  ‐‐  ‐‐ 0.2

F‐6  53  F  IdCMP  ‐‐ ‐‐ + +  ‐‐  ‐‐ 0.15

F‐7  53  M  IsCMP  ‐‐ ‐‐ + +  ‐‐  ‐‐ 0.3

F‐8  66  M  DCM  ‐‐ ‐‐ + +  +  ‐‐ 0.35

F‐9  43  F  DCM  ‐‐ ‐‐ + +  +  ‐‐ 0.4

F‐10  82  M  DCM  + ‐‐ +  +  ‐‐ 0.3

F‐11  13  M  IdCMP  NA NA NA NA  NA  NA 0.8

F‐12  26  M  DCM  ‐‐ + ‐‐ ‐‐  ‐‐  ‐‐ 0.15

F‐13  61  F  IsCMP  ‐‐ ‐‐ ‐‐ ‐‐  ‐‐  ‐‐ 0.5

F‐14  68  M  IdCMP  ‐‐ ‐‐ + ‐‐  +  ‐‐ 0.1

F‐15  57  F  IsCMP  ‐‐ ‐‐ + ‐‐  +  ‐‐ 0.4

F‐16  70  M  IdCMP  ‐‐ ‐‐ + +  +  ‐‐ 0.5

F‐17  66  M  IsCMP  ‐‐ ‐‐ ‐‐ +  +  ‐‐ 0.35

F‐18  60  F  DCM  ‐‐ ‐‐ ‐‐ ‐‐  ‐‐  ‐‐ 0.1

F‐19  32  F  IdCMP  NA NA NA NA  NA  NA 0.1

F‐20  56  F  IsCMP  NA NA NA NA  NA  NA 0.05

F‐21  53  M  DCM  ‐‐ ‐‐ + +  +  ‐‐ 0.1

F‐22  57  M  IsCMP  ‐‐ ‐‐ ‐‐ ‐‐  ‐‐  ‐‐ 0.35

F‐23  52  M  IdCMP  ‐‐ ‐‐ + +    ‐‐ 0.1

F‐24  61  M  IdCMP  ‐‐ ‐‐ ‐‐ ‐‐  +  ‐‐ 0.1
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Table 2: Primer sequences. 

Primer Name Forward Sequence (5’→ 3’) Reverse Sequence (5’→ 3’) 

Primer sequences used for the ChIP assay with mouse tissues or cell lines 
mAkt1ChIP1 ATTTCCATCCTGGGCGATAGC CCAGAAGCCCGACTTGATAGTAAC 
mAkt1ChIP2 GTACTGGGTTGGATGAGCCCTCAATAG CAGCGTGGGAAGTGAATCAGTTTGAC 
mAkt3ChIP1 GGAGCCATCATGAGCGATGTTAC TTGATTCAACAGCGCCAGAGG 
mAkt3ChIP2 TGCCACAAGACCAGAGCAGTGTATTC CAATTGGCCTGACCGCACATAAAG 
mMapk3ChIP1 CCGGGTGGGTTCCCTTAGCATTACTG ACCCGGCTTTCCCGCCTAGTTAC 
mMapk3ChIP2 GATGGCTCAGGCCTAAAG AGTGGCCCTCAGTAATGC 
mGsk3bChIP1 TGCCAGTGTCCACTCTAAC TGTAGTCCAGCGTCCATTG 
mGsk3bChIP2 GAACAATGGACGCTGGACTACATGTG ATGTGGTCAGGACAGTACCTCGAATC 
mIgf1rChIP1 CGTGCTCGGCTTTGACCTTC CGCGAGCTCCTTCCCAAATCCAG 
mIgf1rChIP2 TGTAGCCGCTTGGAGTGTGC CCGCTCAGCGGAGTTAATG 
mIgf2rChIP1 GTGGTGGTACACGCTTCTAAAC GGTGACTGGTGGACTAATATGC 
mIgf2rChIP2 GTTGTCAGGCCTCGAGTAG ACGTGACGTCCTCGTTCAG 
mIrs2ChIP1 TCACGCTCATTGGTCCGTCTCG CCGCCGCACAGTGAGTAACACATC 
mIrs2ChIP2 CCCTTTCCCGGCACTATGGAAACC GGGCGTCATCAGAGCCATTCACTTG 
mTorChIP1 CTCAGTGAACCGATTTCC ACGGTTTGGTACCCTAAG 
mTorChIP2 TCCCGAGCACGATCCCTAAC CCACGAACACTTCCGGTACG 
mPtenChIP1 TGTGAGGTGCACTCTATTCACGGAGAC GGGTTCATTTGCCCGAAAGATGAACG 
mPtenChIP2 ACGCGGGAGACACAATAGG GTCGGCGACAGTCTTTAC 
mTsc2ChIP1 GGGCAAGGCATAGCCTAATCG TGGAGACCTGCCAGGAGTTC 
mTsc2ChIP2 CTTGGCTCTGTTGCCAAAG ATCCTGCAGACCGATGATG 

 
Primers used for the ChIP assay with human cell lines 
hAKT1ChIP-1 TGCTGGCCTGGTGTATACG CAGAGGGCTGGACTCAAAGAC 
hAKT1ChIP-2 AGTTGTCGGAGGAACTTCTG CCGGGTATGGAATGAGTAAGTG 
hAKT3ChIP-1 TATTTGGGTAGGCGTGACTG AGCACTTCCCTAGTCTTG 
hAKT3ChIP-2 CTGGCGACAGAGTGAGATTCC AAACCAGTCACGCCTACCC 
hMAPK3ChIP-1 TGCCTTTCTTCAGTCCCTACCTTC AGCTGAGATTGCACCACTTCAC 
hMAPK3ChIP-2 TCGTAGTCCCAGCTCTTTG TTCCATGCCTCTCAGAGTC 
hGSK3bChIP-1 CACCAATCACCGAAGGAGGTACG AATCAGAGTCGCCGGCCCTTACG 
hGSK3bChIP-2 GCAGCTAGGTCTTGCGATTG GGAGGGCGTCTATAAAGCG 
hIGF1rChIP-1 GGAGCGAAGACTGAGTTTG GGAGCCAGACTTCATTCC 
hIGF1rChIP-2 GTTCGGGCTTTCCAGTACG GGCTGGGAGAGGTTCATTG 
hIGF2rChIP-1 CCCACGCTTGGGAAATAAC AGTGCCAGGGAGGTAAATG 
hIGF2rChIP-2 TTGACTCCACGGGCAGTTAAAG CAAAGTGCCAGGGAGGTAAATG 
hIRS2ChIP-1 CTCGGTGCGCGATGTGTTACTC TGCTGCTGCTGCTGGTGTTG 
hIRS2ChIP-2 GCGCTATGGAAACCGCACTTTCTCCG GCGCCATTCACTTGTCAGCTTGTCG 
hmTORChIP-1 TCCATAAAGAGCGCTAGCC CTCCCGGTGTAATTCTGAGAG 
hMTORChIP-2 AAGGGAATCCTAGCAGCGCCGTACC AAGCTTCAGGACCCGGCTTCTCCAG 
hPTENChIP-1 TGCAAGGGAGCCGGATGAGGTGATAC CACCGCTGTCGGATCACAATCGTTCG 
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hPTENChIP-2 CTGCTCAACGCACCCATCTCAGCTTTC AGCAACGCGAGGCGAGGATAACG 
hTsc2ChIP-1 CGAGCCTGAGATGCTTGAC CTGGGCAAGCTCATCTACC 
hTsc2ChIP-2 GCCGAGGCAGGAGAATAATTTG TAGTGATGGGCCAGATAC 

 
Primers used for the real-time PCR analysis  
Akt1 TGGACAAGGACGGGCACATCAAG TACTCCGGCGTTCCGCAGAATG 

Akt2 TGTGGGCGACTTCATCCTTTGC TTCGGCAAGGTCATTCTGGTTCG 

Akt3 CATAGGCTATAAGGAGAAACC TTGGATAGCTTCCGTCCAC 

Insulin1 GAAGTGGAGGACCCACAAGTG CTGAAGGTCCCCGGGGCT 

Insulin2 TGCTGATGCCCTGGCCTGCTCT CTGGTCCCACATATGCACATGCA 

Gsk3β TCCATTCCTTTGGAATCTGC CAATTCAGCCAACACACACAGC 

Irs2 CGCCGCTACAGCGAAGTACT CGGACGCCAAGCACAAGT 

FoxO1 TCGTACGCCGACCTCATCA CTGTCGCCCTTATCCTTGAAGT 

Pten AATTCCCAGTCAGAGGCGCTATGT GATTGCAAGTTCCGCCACTGAACA 

mTor GAGAACCAGCCCATAAGA ACCAGCCAATGTAGCACT 

Igf1 TCATGTCGTCTTCACACCTCTTCT CCACACACGAACTGAAGAGCAT 

Igf2 ACAACTTCGATTTGAACCACATTC GAGAGCTCAAACCATGCAAACT 

Igf1r GTGGGGGCTCGTGTTTCTC GATCACCGTGCAGTTTTCCA 

Igf2r GGGAAGCTGTTGACTCCAAAA GCAGCCCATAGTGGTGTTGAA 

Insr ATGGGCTTCGGGAGAGGAT GGATGTCCATACCAGGGCAC 

Mapk3 AGGGCTACACCAAATCCATC GGGAACCCAAGATACCTAGAA 

Igfbp3 GAGTGTGGAAAGCCAGGTTGTC GCATGGAGTGGATGGAACTTG 

At1 GTTCCTGCTCACGTGTCTCA CATCAGCCAGATGATGATGC 

At4 GATGAAGGCACACCATCCAT AAACCAGCCTTTCTCGGTTCT 

GAPDH ATGGTGAAGAAGGTCGGTGTGA AATCTCCACTTTGCCACTGC 

RPL32 ACAACAGGGTGCGGAGAAGATT GTGACTCTGATGGCCAGCTGT 

18S GGACAGGATTGACAGATTGATAG CTCGTTCGTTTATCGGAATTAAC 
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